Abstract-This paper concerns on the review between the surgical and non-surgical method of active control of a prosthetic hand. For active prosthetic hand, there are two standard methods for signal extraction namely surgical and non-surgical. Active prosthetic hands which are based on Surface Electromyography (sEMG) and Targeted Muscle Reinnervation (TMR) are selected for a comparison between non-surgical and surgical type respectively. We made a review on the characteristics and procedures of the surgical and non-surgical prosthetic hand technique. The compatibility of the surgical and non-surgical method to the type of upper extremity amputations also discussed to propose a guide and baseline for the future design consideration for our future prosthetic hand design.
INTRODUCTION
Prosthetic hand is an artificial hand that replaces a missing part of human hand. The missing part of human hand is cause either by congenital absence or amputation. Though, much of the initial writing and work on the prostheses is driven by as a result of war injuries [1] . The cases of amputations of either the human arm or leg are staggering during the World War I and World War II that leads to the needs of prostheses and thus push an extensive research on the prostheses.
"The main human hand function is to grasp such as tip grasp, precision grasp, lateral hip, cylindrical grasp, spherical grasp and hook prehension" [2] . The numbers of classification of the human hand has been conducted in the past and the degree-of-freedom (D.O.F) of the human hand is conventionally defined as 23 [3] . The main goal of prosthetic hand is to imitate the human hand movement in all aspects. Thus, it needs a complex mechanism in order to achieve realistic human hand movement. The technical challenge of replicating the human-like (anthropomorphic) movements of a prosthetic hand is to integrate both the software and hardware of the prostheses systematically. Moreover, the weight carries by the prosthetic hand also identified as the major challenges with most of commercially available and research devices prosthetic hand described as too heavy by users [4] .
Based on the review by Hardeep S. Ryait et al. [5] , the human hand functional jobs can be divided into two major categories which are based on day-to-day work and skilled work as shown in Table 1 . It has been concluded that 90% of day-to-day functions are grasp-and-release movement. The skilled work requires a more complex hand movement which usually is a combination of multiple hand movement. Table 1 : Common functions of the human hand [6] .
In this paper, we review and analyze the two conventional methods of prosthetic hand technique. Both reviewed methods are sEMG and TMR where both representing non-surgical and surgical prosthetic hand method respectively. The later parts of this paper are reviewing the procedure involved as well as discussions on both methods.
II. BACKGROUND STUDY

A. Categories of Prosthetic Hand
There are three categories of prosthetic hands such as a cosmetic hand (passive prostheses), a body powered hand, and active prosthetic hand (for example; driven by DC motor) [2] . The cosmetic only emphasizes on the aesthetic look rather than functionality and medical needs. For body powered hand, patient movement in the one side of the body such as a shrugging of the shoulders causes the prosthetic hand mechanism to move. Due to their robustness and relatively low cost, it is still one of the popular choices especially in the third world country [6] . The active prosthetic hand is regarded as the modern prosthetic hand. By manipulation of the patient electrical signal (Electromyography), it then translates into prosthetic hand movement. The prosthetic hand studied for this paper is based on active prosthetic hand category.
B. Amputation levels
In general, upper extremity amputations are referring to hand amputations whereas lower extremity amputations refer to leg amputations. Figure 1 show the classifications of the hand amputation which basically grou categories. The levels of amputation amputation, wrist disarticulation, elbow transradial (below elbow amputations), tra elbow amputations), shoulder disarticulatio [7] . The general rule for hand prostheses a remaining limb and the more joints that ar easier it is for patient to be fit with prosthese Current development of majority of the is based on lower-level upper-limb amput amputation). While these prosthetic hands available, there are currently no prosthetic sEMG that offers high level of control requi [7] . Moreover, even though sEMG has be effective input for controlling prosthetic h inputs is directly depends on the amputee most of the standard sEMG technique is lower-level upper-limb amputees due to control inputs.
For high-level upper-limb amputees transhumeral amputees), there are basica available for electromyography sources of other words, many D.O.F of the arm are lo the researcher options. This makes the standa not possible to be applied. Most of comm upper limb prostheses that currently uses E have a limited number of D.O.F [10] . Th seems as a good option and it could only surgery. This has been proved success by K with a TMR method which create addit control signals for prostheses control.
III. ELECTROMYOGRAPHY ME
At present, the process of EMG signals is approach used for controlling active prosthet EMG signals are detected by measuring the associated with the activation of the mu electrical signals generally contain raw patterns of muscle activity. However, the electrical signals is relatively small and extraction technique to produce consistent sig uped into seven are partial-hand w disarticulation, nshumeral (above on and forequarter are; the longer the re kept intact, the s. mputation e sEMG technique tees (transhumeral are commercially devices based on red by the devices een proved as an hand, the control e limbs [9] . Thus, limited to the on lack of available s (shoulder and ally fewer limbs control inputs. In ost and thus limits ard sEMG method mercially available EMG signals only hus, TMR method y be done through Kuiken et al. [11] tional myoelectric ETHOD the most common tic hands [12] . The e electrical signals uscle [13] . These w information on amplitude of the requires feature gnal.
A. Surface EMG Control Meth
Characteristics of sEM
The sEMG is by far the ea method for active prosthetic ha sEMG is a non-invasive metho Since there are no surgical req is comparatively short. Patie attaching the sensor electrode right muscles.
Different
In sEMG method, the influenced by physiological, factors [17] . SEMG is a fai signal, with the precision and r to be interfered by many facto without amplification ranges h from -5 to 5 mV or 0 to 1.5 [19] . Clancy et al. conducted an sEMG signals between the he where the maximum amplitud about less than 1mV [20] . Ev signals which are stochastic m [15] . Thus, it highlights the im stage where it is the most imp accuracy of the prosthetic's accuracy level of the feature ex patient's amputation level and n 2. Feature extraction Feature extraction of sEM methods which are non-pattern [15] .The common methods of can be grouped into four catego 1) Time domain (TD); 2) Time-serial domain (TSD); 3) Frequency or spectral domai 4) Time-scale or time-frequenc
The signal-to-noise ratio o low, and thus makes it diffic strong noise background. Thus extraction of sEMG has to include the factors of temper crosstalk. Figure 2 showing th EMG sensor to the arm.
hod
MG
siest way compared to the TMR and. This is mainly because the od where no surgical is required. quired, the project duration time ents only required to properly es to the skin overlying on the onsible on different type of ulation on the muscles location assification of movement for muscle used for sEMG controls muscles [14] . However, it does rol to be learnt by the patients tion of the muscle produce a hetic hand [15] . One common by using strap wrapped around sensor electrodes were placed ble skin contact [16] .
signal recorded is strongly anatomical and biochemical int and unstable physiological reliability of sEMG is very easy ors [18] . The sEMG amplitude has been reported to have range mV (rms) for healthy people's n experiment to differentiate the ealthy people and the amputee de of sEMG for the amputee is ven more, the nature of sEMG makes it more difficult to extract mportance of feature extraction portant stage that determines the s operation. Nevertheless, the xtraction method depends on the nature.
MG can be divided into two n and pattern recognition based feature extraction of the sEMG ories as listed below [21] :
of sEMG is known to be very cult to extract sEMG from the s, a detection circuit for feature be designed carefully which ature, signal-to-noise ratio and e example of fitting the surface 2011 IEEE Symposium on Industrial Electronics and Applications (ISIEA2011), September 25-28, 2011, Langkawi, Malaysia Figure 2 : Example of sEMG sensor strap wrap around the arm [16] .
B. TMR Control Method
1. Characteristics of TMR Kuiken et al. [22] has developed a surgical method for hand amputations called targeted muscle reinnervation (TMR). The driven motivation for development of TMR is to counter the lack of functionality of high-level upper-limb amputees which identified as a major problem which hinders further improvement of sEMG technique. For high-level upper-limb amputees, the remaining muscles is limited and thus restricted the available EMG signals to be extracted.
The TMR utilizes the unused nerves of the lost limb where the nerves are surgically connected to muscle groups in the chest and back area that have lost their primary task due to the amputation. The movement of the lost limb is a direct translation to muscle activity in the respective area [23] . This muscle activity then translated in prosthesis movements, resulting in a very intuitive and natural control since the nerves would be controlling the same function in the prosthesis that they controlled in the natural arm.
It has been suggested that to limit EMG cross-talk from adjacent muscles to less than 5%, the pick-up area of bipolar electrodes should have a radius of approximately 10mm [24] . Thus muscle reinnervation units need to be greater than 2 cm wide.
2. Surgical Procedure TMR is generally performed at least several months after the initial trauma when the residual limb has healed. The surgery involves two to four nerve transfers and it takes about 2 to 5 hour of operation [25] . The surgical procedure occurs in four phases: surgical, post surgical before TMR fitting, diagnostic fitting, and multifunction prosthesis training. Out of those four procedures, post surgery training is essential for the patient where the occupational therapist (OT) will monitor them closely. Figure 3 showing a brief procedure of the TMR method with timeline.
Rehabilitation
Since the nature of TMR method which is invasive, rehabilitation is an important factor compared to sEMG method. It is important to strengthening reinnervated muscles so that they generate electrical signals that it can be detected. The overall procedure of surgery, fitting the prosthetic and rehabilitation process can takes up to more than seven months [25] .
There is however a risk of the patient who may experience postsurgical pain or increase in phantom limb pain.
Special attention then should be given to unwanted hand or elbow movement. There is a case where a second surgery is required to rectify the pain encounter by the patient [26] . There are however another issue with the phantom limb sensation and prosthesis movement operation where patient should distinguish between movement of the phantom limb and the nerve signal. Nevertheless, patients will eventually get used to their prostheses by time. Figure 3 : TMR protocol outline with timeline [25] .
IV. DISCUSSIONS
EMG signals present an interesting solution to control the prostheses because 1) the signals are easy to record; 2) close to natural behaviour operations; and 3) offer a great number of functions [5] .
Eventhough EMG signal extraction describes as an effective method, a major drawback lies in the fact that no sensory information on the grasping force and finger positions has been transmitted to the prosthesis user so far [27] . As a result, the grasping process is heavily dependent on visual control where grasping is accomplished with far more force than required for the reliable holding of the object.
The TMR method create additional myoelectric control signals to allow a more precise and more natural movement compared to the sEMG. Thus, it holds an advantage in terms of D.O.F available to the prostheses. It is undeniable however, that the surgical method is suitable for high-level upper-limb amputees where fewer limbs are available for signal extraction. The non surgical methods are only suitable up to the lower-level upper-limb amputees.
Albeit with the extra input signals with the TMR method, another issue arise is whether the signals can be recorded independently. It is important because the TMR method would not be effective if the cross-talk from multiple nerve-muscle units is too large.
Most of the commercially available prosthetic hand pursues sEMG signals as the technology is relatively good enough to the amputees with relatively lower cost compared to the surgerical required prosthetic hand.
V. CONCLUSIONS
The information presented in this paper serves as a compilation and review of a comparison between a surgical and non-surgical required prosthetic hand. Within this paper, we focused on the characteristic of signal characteristic between sEMG and TMR to draw a baseline for the author future design consideration.
Even though replicating all of the functions of the hand in prosthesis is nearly impossible with present day technology; most of the functions are successfully done by research device based on electromyography techniques. The advantages and the drawbacks of sEMG and TMR method are also briefly discussed. Though the TMR (surgical method) may gain importance in prosthetic hand design in the future, due to superior number of control signals, the sEMG is still a relevant method for at least lower-level upper-limb amputees.
